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1 .  Abstract 


Only  rare  measurements  are  available  so  far  of  cloud  albedo 
under  varying  cloud  conditions.  Data  of  such  type,  however, 
are  urgently  needed  for  a  better  assessment  of  observations 
by  spaceborne  operators  and  sensors.  An  instrumented  cable 
car  traverses  a  height  difference  of  approximately  2  km 
(photograph).  The  cable  car  is  frequently  under,  in,  or  above 
clouds  of  most  varied  horizontal  and  vertical  extension  and 
different  structure  in  the  upper  and  lower  sections.  There¬ 
fore,  in  a  horizontal  plane  of  incidence  the  visible  part  of 
radiation  incoming  from  above  and  from  below  has  been  recorded 
by  means  of  pyranometers  during  the  cable  car  runs.  These 
measuring  runs  have  been  executed  under  cloud  conditions  which 
were  such  that  applicable  results  could  be  expected  in  terms 
of  the  topic.  Data  are  presented  in  graphs,  giving  finally 
the  value  of  cloud  albedo  as  a  function  of  altitude  and 
cloud  types. 

2.  Technical  Details 


Measurement  of  the  global  radiation  required  first  provision 
of  appropriate  instruments.  It  was  an  obvious  idea  to  use  the 
pyranometer  after  Dirmhirn  (manufacturer  Schenk  &  Co.,  Wien) 
which  for  many  years  is  successfully  operated  at  our  fixed 
mountain  stations.  The  calibration  constants  of  this  instru¬ 
ment  are  known  to  us,  recalibration  equipment  was  available, 
and  has  very  often  been  used. 

Furthermore  it  was  necessary  to  procure  suitable  recorders. 
Only  battery-operated  strip  recorders  with  high  input  sensi¬ 
tivity,  multiple  variability  of  sensitivity,  and  paper  feed 
came  into  question. 


After  receipt  of  the  instruments,  adequate  devices  have  been 
constructed  to  attach  the  instruments  reasonably  to  the  cable 
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car,  independent  of  air  temperature  (special  integrated 
circuits  of  military  type) . 

We  designed  an  electronic  circuitry  to  ensure  that  the 
recorders  operated  only  while  the  cable  car  was  in  motion 
and  not  during  the  stops  at  the  stations. 

An  additional  circuitry  was  developed  which  plots  before 
the  start  of  recordings  a  time  mark  on  the  recording  sheet. 
This  time  mark  indicated  the  time  at  which  recording  was 
effected.  Figures  A,  B,  C,  and  D  show  the  instruments 
mounted  on  the  cable  car. 

The  response  time  of  the  Dirmhirn  pyranometer  has  been  meas 
ured:  85%  of  the  final  value  are  reached  after  10  seconds; 
100%  of  the  final  value  practically  after  20  seconds. 

On  the  average,  the  cable  car  traverses  a  height  difference 
of  3.3  m  per  second,  meaning  that  the  pyranometer  is  oper¬ 
ating  at  an  inertia  of  about  30-40  m  height  difference  in 
each  case. 

Continuous  recordings  of  the  global  radiation  are  taken  by 
Dirmhirn  pyranometers  at  the  stations  Zugspitze,  Wank,  and 
Garmisch-Partenkirchen ,  differentiating  thereby  between 
total  radiation  and  sky  radiation.  In  addition,  at  these 
three  stations,  sunshine  duration  is  recorded,  and  at  the 
stations  Wank  and  Garmisch-Partenkirchen  visibility  and 
aerosol  particle  spectrum. 

Fig.  A  shows  the  tram  after  leaving  the  valley  stations 

P^  =  attachment  point  of  the  upward  directed 
pyranometer, 

?2  =  attachment  point  of  the  downward  exposed 
pyranometer. 


Fig.  B  shows  the  bottom  of  the  tram  with  pyranometer  P2- 
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Fig.  C  shows  behind  pyranometer  P2  the  point  (r)  where 

the  box  with  the  two  recorders  is  inserted  (arrow) . 

Fig.  D  shows  the  upward  looking  and  always  vertically 

oriented  pyranometer.  It  can  clearly  be  seen  that 
it  overtops  all  components  of  the  cable  car  con¬ 
struction  and  cables. 

3.  Topographical  Conditions 

The  figures  below  may  illustrate  the  terrain  traversed  by 

the  cable  car  and  the  profile  of  its  path. 

Fig.  E  gives  a  scale  cross  section  through  the  path  of  the 
tram  and  shows  the  soil  structure  below  the  path. 

Fig.  F  provides  for  the  sake  of  clarity  an  air  photograph 
(taken  before  construction  of  the  cable  car  which 
was  added  later) .  This  picture  gives  a  good  idea 
of  soil  conditions  along  the  path  of  the  tram.  The 
lowest  part,  not  visible  on  the  picture,  leads  to 
the  valley  station  and  covers  a  dense  spruce  forest 
only. 

Fig.  G  is  a  section  of  an  official  map  of  the  Topographical 
Office  Munich  from  1972.  This  map  provides  additional 
information  on  the  soil  structure.  The  path  of  the 
Zugspitze  cable  car  and  the  two  towers  can  be  seen. 
The  green  area  means  dense  forest  (spruces).  Only 
small  alpine  pines  grow  in  rubble  within  the  area 
indicated  as  "Riff el".  With  increasing  height  there 
are  pure  rubble  and  finally  rocks  up  to  the  summit. 
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4.  Some  First  Results  Intended  as  Examples,  Including 
Temperature  and  Electric  Air  Conductivity  Profiles 

Figures  H  and  I  show  as  example  how  useful  measurements 
of  the  profile  of  global  radiation  on  the  Zugspitze  cable 
car  are  graphically  plotted.  The  figures  contain  -  as  a 
function  of  height  -  the  outgoing  radiation  (R+)  and  the 
incoming  radiation  ( R+ ) .  In  the  left  are  plotted  tempera¬ 
ture  T  and  electrical  conductivity  X+.  The  global  radia¬ 
tion  is  indicated  in  absolute  units  (see  scale  in  the  fig¬ 
ures)  .  Meteorological  observations  and  cloud  situations 
are  entered  at  the  right  side  of  the  plot. 

The  plots  of  the  global  radiation  as  shown  in  the  figures, 
are  obtained  in  the  following  way: 

The  original  recordings,  acquired  aboard  the  cable  car,  are 
digitized  by  a  computerized  digitizer  considering  the  time 
elapsed  since  departure.  Still  during  the  digitalization 
process  the  following  actions  take  place:  Automatic  plotting, 
output  of  data  on  punch  tape,  outprint  of  data  on  a  table 
in  absolute  units  as  a  function  of  height. 

Figures  H  and  I  give  examples  of  such  plots  including  all 
other  desired  parameters.  In  the  case  of  Fig. H, a  and  H,b  (one 
hour  later)  a  dense  stratus  cloud  with  varying  thickness  and 
cloud  top  extended  between  1100  and  some  1500  m.  The  same 
day,  practically  dense  altocumulus  was  present  at  an  alti¬ 
tude  of  little  more  than  3000  m.  The  top  of  the  stratus 
cloud  is  clearly  identified  by  the  electrical  conductivity 
of  the  air. 

In  the  case  of  Fig. I, a  and  I,b  (one  hour  later)  a  stratus 
cloud  was  present  between  1400  and  about  1900  m  with  rather 
constant  cloud  base  and  top  which  are  clearly  discernible 
through  the  recorded  conductivity  X+.  Over  the  stratus  cloud, 


up  to  a  height  of  2400  n,  a  sharp  dust  layer  existed  with 
well  defined  upper  boundary.  Again,  the  upper  boundary  of 
dust  can  fairly  well  be  identified  through  the  electrical 
conductivity.  The  albedo-value  can  be  derived  directly  from 
the  curve  pair  R+  (upward  radiation)  and  R4-  (downward 
radiation) . 

In  the  systematic  evaluation  of  recordings  which  follows 
we  proceed  to  the  most  possible  extent  in  a  way  giving  as 
a  final  result  the  albedo  value  A. 

Certainly  it  is  not  an  easy  task  to  quantitatively  deter¬ 
mine  the  often  rapidly  changing  conditions  of  the  soil  struc 
ture  due  to  snow  on  the  ground  below  the  cable  car.  The  kind 
of  snow  cover  varies  frequently  and  is  sometimes  hard  to 
define. 

The  following  difficulties  are  to  be  mentioned: 

a)  Icing  of  the  Dirmhirn  pyranometer.  In  the  case  of  super¬ 
cooled  clouds,  ice  coating  occurred  initially  often  at  the 
window  of  the  pyranometer  making  the  measurements  useless. 

We  tried  to  avoid  formation  of  such  ice  coating  by  applying 
a  thin  glycerine  film  on  the  window.  Application  of  this 
procedure  guarantied  that  the  measurements  were  not  severely 
affected  by  this  glycerine  film. 

b)  Partial  shading  of  the  direct  sun  along  the  path  of  the 
tram  through  the  horizon  of  the  mountains.  The  shading  of 
one  part  of  the  cruise  varies  strongly  with  time  as  the 
profile  of  the  mountains  changes  rapidly  relative  to  the 
position  of  the  sun.  Most  probably  exposure  to  sunshine  and 
shadow,  respectively,  will  show  up  in  the  recordings.  The 
situation  is  more  difficult  when  the  sky  is  partly  overcast 
with  clouds  which,  in  turn,  temporarily  cause  additional  and 
variable  shadiness.  We  are  not  yet  quite  sure  whether  record 
ings  taken  during  runs  under  such  conditions  will  be  of  use 
for  the  studies. 
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5.  Results,  Given  by  Plots  of  Radiation  and  Albedo  Data. 
Results  for  the  Period  5  December  1978  to  19  May  1979 
are  Presented  in  the  SECOND  ANNUAL  REPORT 

5.1.  Recent  Results  From  June  1979  -  January  1980,  Some 
Remarks  on  the  Computer  Plots 

The  entire  data  have  been  plotted  as  profiles  versus  height. 
Thus,  the  user  may  critically  survey  and  assess  the  situation. 

In  Figures  1-25  are  plotted  the  recorded  radiation  inten- 
-2  -1 

sities  in  cal  x  cm  x  min  as  height  profiles: 

The  solid  line  ( - )  means  radiation  from  above, 

the  dashed  line  ( - )  means  radiation  from  below. 

Figures  26  -  48  are  plots  of  the  calculated  albedo  height 
profiles . 

5.2.  Meteorological  Description  of  the  Measurement  Days 

12.06.1979,  Figs.  1  -  3;  26  -  28 

At  first  cloudless.  In  the  course  of  forenoon  rapid  increase 
of  convective  clouding.  On  the  one  hand,  the  tram  is  tempo¬ 
rarily  in  the  shade  of  this  convective  clouding  during  its 
cruise;  on  the  other  hand  -  probably  through  reflection  of 
solar  radiation  from  the  sunlit  cloud  tops  on  the  upward 
directed  star  pyranometer  -  very  high  radiation  values  are 
recorded  by  the  pyranometer.  These  reflection  effects  (from 
cloud  and  snow  cover)  lead  also  on  the  other  measurement 
days  to  the  short-time-recorded  very  high  values  of  the 
global  radiation. 

The  measuring  path  was  cloudless  all  the  time. 

08.30  CET  1/10  Cu-hum  3000  m  ASL,  1/10  Ci 

12.45  CET  3/10  Cu-med  3000  m  ASL,  1/10  Ci 

17.00  CET  5/10  Cu-med,  Cu-con  2500  m  ASL 


No  special  thermal  or  aerosol  stratification  present. 


Fair  weather  with  just  slightly  developed  Cu-clouds. 


08.30 

CET 

1/10 

Cu-fra 

2500 

m 

ASL,  1/10  Ac 

12.30 

CET 

2/1  0 

Cu-hum 

3000 

m 

ASL 

16.45 

CET 

1/10 

Cu-hum 

3000 

m 

ASL 

The  measuring  path  was  cloudless  all  the  time. 

No  particular  thermal  or  aerosol  layers  existed. 


25.07.1979,  Figs.  9  -  13;  34  -  38 

Fair  weather,  just  little  Cu-cloud  development. 

07.30  CET  almost  cloudless 

12.00  CET  1/10  Cu-hum  3000  m  ASL 

16.30  CET  2/10  Cu-hum,  Cu-med,  2400-3000  m  ASL 

The  measuring  path  was  cloudless  all  the  time.  In  the  fore¬ 
noon  hours,  the  electrical  conductivity  was  clearly  higher 
above  2000  m  ASL  than  in  the  layer  below.  From  noon,  any 
special  thermal  or  aerosol  layers  are  no  longer  present. 

22.11.1979,  Figs.  14  -  16;  39  -  40 

In  the  morning  the  closed  stratus  sheet  extends  to  1300  m  ASL. 
Almost  cloudless  weather  prevails  aloft.  In  the  course  of 
forenoon  the  stratus  sheet  begins  to  disperse.  By  afternoon, 
again  increase  of  the  high  fog-like  cloudiness. 

07.40  CET  10/10  St  900  m  ASL 

12.45  CET  7/10  Sc  1000  m  ASL 

16.30  CET  10/10  St  1000  m  ASL 

The  measuring  path  is  in  the  cloud  layer  up  to  1200-1300  m  ASL. 
An  extremely  strong  temperature  inversion  is  moreover  present 
between  2200  and  2400  m  ASL  which  from  noon  is  marked  by  a 
cloud  band  of  100-200  m  thickness. 

Unfortunately  a  technical  failure  occurred  in  the  upper 
pyranometer  (defective  paper  feed) . 
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23.11.1979,  Figs.  17  -  18;  41  -  42 

First,  cloudless  weather  prevails.  From  noon,  the  stratus 
sheet  drifts  from  the  pre-alpine  region  from  north  to  the 
Garmisch-Partenkirchen  basin.  At  about  15.00  h,  also  the 
Eibsee  is  reached  by  this  cloud  layer.  The  top  of  the  cloud 
layer  is  then  situated  at  about  1300  m  ASL.  Above  it,  there 
is  still  a  very  hazy,  but  still  sunlit  layer,  and  higher  up 
everything  is  in  the  shade  (observed  from  Wank  peak) . 

07.45  CET  almost  cloudless 

12.45  CET  almost  cloudless 

14.00  CET  10/10  St  1100  m  ASL 

16.30  CET  10/10  St  1100  m  ASL  with  top  at 

about  1400  m  ASL 

The  measuring  path  is  first  cloudless.  At  14.30  h,  the  very 
hazy  air  -  and  a  little  later  also  the  stratus  sheet  -  reach 
our  measuring  path  which  is  then  in  clouds  between  1150  and 
1400  m  ASL.  From  noon,  a  strong  temperature  inversion  is 
present  between  1400  and  1500  m  ASL. 

Remark:  Today's  troublefree  recording  of  the  upper  pyranometer 
could  almost  probably  be  used  also  for  the  measuring  run  of 
22.11.1979  (technical  fault). 

28.11.1979,  Fig.  19;  43 

Weather  conditions  were  most  favorable  this  day.  The  strong 
subsidence  from  above  continues  to  lower  levels.  Therefore, 
the  air  layer  above  1400-1500  m  ASL  is  very  dry  and  visibili¬ 
ty  conditions  very  good.  Below,  there  is  a  very  humid  air  lay¬ 
er.  The  extremely  strong  temperature  inversion  lies  at  about 
1400  m  ASL. 

12.00  CET  10/10  stratus  950  m  ASL 

16.20  CET  10/10  stratus  950  m  ASL 

The  measuring  path  is  in  clouds  up  to  1400  m  ASL  and  cloudless 
above  that  level.  Albedo-measurement  could  unfortunately  be 
started  only  at  noon  due  to  a  technical  failure  in  the  relay 
transmitter. 


Wonderful  winter  weather.  At  first  almost  cloudless.  By 
afternoon,  rapid  increase  of  Ac-clouding. 


07.45  CET  practically  cloudfree 

12.00  CET  almost  cloudless 

16.30  CET  6/10  Ac  3000  m  ASL 

The  measuring  path  is  cloudless  all  the  time.  The  high 
radiation  values  at  the  upper  star  pyranometer  are  due 
to  reflection  from  snow  fields. 

11.01.1980,  Figs.  22  -  23;  44  -  45 

This  day,  the  weather  conditions  were  ideal  for  cloud 
albedo  measurement.  A  rather  thick  cloud  layer  (from  which 
fell  even  light  snow)  reached  up  to  about  2000  m  ASL  and 
above  it  the  sky  was  cloudless. 

07.45  CET  10/10  stratus  900  m  ASL 

12.00  CET  10/10  stratus  1000  m  ASL 

16.15  CET  8/10  Sc  1500  m  ASL 

The  measuring  path  is  in  clouds  up  to  1800-2000  m  ASL. 
Unfortunately,  the  paper  feed  at  the  upper  pyranometer 
did  not  function  troublefree.  For  this  missing  measurement 
one  could  perhaps  use  the  radiation  values  from  09.01.1980. 
From  the  comparision  of  the  measuring  runs  on  9  January 
and  11  January  1980  one  could  infer  the  reflection  differ¬ 
ence  of  snow  and  cloud  cover,  respectively. 

17.01.1  980,  Figs.  24  -  25;  47  -  48 

At  first  the  stratus  sheet  reaches  up  to  1200  m  ASL.  About 
noon,  the  measuring  path  is  temporarily  cloudfree  (11.40  - 
12.45  CET)  but  still  in  the  shadow.  Later  (from  13.10  CET) 
the  measuring  path  is  again  in  clouds  up  to  1200-1300  m  ASL. 

07.45  CET  10/10  stratus  1000  m  ASL 

12.00  CET  5/10  Sc  1300  m  ASL 

16.30  CET  10/10  stratus  900  m  ASL 


The  moderate  to  strong  temperature  inversion  lowers  in 
the  course  of  the  day  from  1400-1200  m  ASL. 


According  to  observations  from  the  Zugspitze  peak,  the 
cable  car  was  in  the  afternoon  hours  above  the  cloud  layer 
only  for  a  short  time  in  sunshine  and  thereafter  in  shadow 
all  the  time. 


Garmisch-Partenkirchen ,  March  15,  1982 


Principal  Investigator 
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FIGURES  1-25 

Results  for  period  June  1979  -  January  1980 

for  previous  results  see 
SECOND  ANNUAL  REPORT 

Height  profiles  of  radiation  received  from  above 
( - )  and  below  ( . ),  respectively 

On  top  of  each  individual  diagram  date  and  time 
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FIGURES  26-48 

Results  for  period  June  1979  -  January  1980 
for  previous  results  see 
SECOND  ANNUAL  REPORT 

Height  profiles  of  the  calculated  albedo 


On  top  of  each  individual,  diagram  date  and  time 


90  ?T 


MJ 


